Background Neuroendocrine tumors (NETs) occur in various primary sites, but rarely in the stomach. NETs are classified into three types, carcinoids, malignant carcinoids and poorly differentiated neuroendocrine carcinomas (PNECs), whose clinical behavior is different. Currently, clinical outcomes and standard chemotherapy for NETs of the stomach remain unclear. Methods We conducted a retrospective review of histopathologically confirmed NETs of the stomach at our hospital between January 2000 and August 2006. Results Thirty-seven NETs were identified. Fifteen patients had carcinoids while 22 had PNECs. Among the carcinoid patients, 7 underwent endoscopic mucosal resection and 5 had gastrectomy as first-line treatment. Three patients were observed without intervention. All patients were alive after an average follow-up period of 27 months. Among the 22 PNEC patients, 3 had no metastasis, 11 had regional lymph node metastasis, and 8 had distant metastasis. Eight of 14 patients relapsed at a median of 177 days (range 120-1459 days) after curative surgery. Twelve patients with metastatic or recurrent disease received palliative cisplatin plus irinotecan chemotherapy. The response rate was 75%, the median progression-free survival time was 212 days, and median survival time was 679 days. Conclusion Gastric PNEC patients with distant metastasis had poor outcomes. Regimens containing cisplatin plus irinotecan produced a good response in gastric PNEC.
Introduction
Neuroendocrine tumors (NETs) occur in various primary sites, but rarely in the stomach. Gastric carcinoids account for only 3% of all carcinoid tumors [1] . The World Health Organization classifies endocrine tumors into the following categories: well-differentiated (neuro)endocrine tumors, well-differentiated (neuro)endocrine carcinomas, poorly differentiated (neuro)endocrine carcinomas (PNECs), and mixed exocrine-endocrine tumors [2] . Regarding NETs of the stomach, well-differentiated endocrine tumors and well-differentiated endocrine carcinomas are regarded as carcinoids and malignant carcinoids, respectively. PNEC is mainly regarded as small cell carcinoma.
Well-differentiated NETs and PNECs show different biological behaviors. Carcinoids demonstrate slow growth, whereas PNECs grow rapidly and carry a poor prognosis [3, 4] . Carcinoids are treated by endoscopic mucosal resection (EMR) or surgery, and most patients with carcinoids have localized tumor and a good prognosis, with the 5-year survival for localized gastric carcinoids reported to be 93% [1] . Gastric PNECs without distant metastasis are mainly treated by surgical intervention, whereas PNECs with distant metastasis or recurrence are treated by chemotherapy. Various types of chemotherapy have been used to treat PNECs or extrapulmonary small cell carcinomas [4] [5] [6] [7] ; however, there is no standard regimen for metastatic or recurrent gastric PNECs.
Small cell lung cancer (SCLC) is a far more common disease than PNEC, but the two diseases share many clinicopathological features. In SCLC with extended disease, cisplatin plus irinotecan has been associated with better survival than cisplatin plus etoposide [8] . Here we report the clinical outcomes of primary NETs of the stomach and evaluate the efficacy of cisplatin plus irinotecan for gastric PNECs.
Patients and methods
This study was a retrospective analysis of histopathologically confirmed NETs primarily arising in the stomach in patients treated between January 2000 and August 2006 at the National Cancer Center Hospital in Tokyo, Japan. We extracted information on age, sex, disease stage, laboratory findings, radiological findings, pathological findings, therapy, effectiveness of therapy, and outcomes.
The cisplatin plus irinotecan regimen was administered as follows: on days 1 and 15 irinotecan (70 mg/m 2 ) was given as a 90-min intravenous infusion. Cisplatin (80 mg/m 2 ) was given via 120-min intravenous infusion on day 1. This regimen was repeated every 4 weeks until the occurrence of tumor progression or severe adverse reactions. The chemotherapy response was evaluated according to the Response Evaluation Criteria in Solid Tumors (RECIST) guideline version 1.0. Toxicity was graded according to the Common Terminology Criteria for Adverse Events version 3.0.
Statistical analysis was performed using SPSS version 11 software (SPSS Japan., Tokyo, Japan). Overall survival and progression-free survival curves were constructed by the Kaplan-Meier method.
Results
Thirty-seven patients [male, n = 30; female, n = 7; median age, 67 years (range 27-82 years)] had NETs arising in the stomach. Of these 37 patients, 15 had carcinoids and 22 had PNECs (16 small cell carcinomas, 4 small cell carcinomas with adenocarcinoma, and 2 large cell carcinomas). Among the carcinoid patients, EMR was performed in 7 patients, including 3 who later underwent surgery; surgery was performed in 5 patients, and 3 patients were observed, due to complication (other cancer) or tumor disappearance after biopsy. No patient had metastasis or carcinoid syndrome. All the patients with carcinoids were alive after an average follow-up period of 27 months ( Fig. 1) .
The clinical data regarding PNEC patients are summarized in Table 1 . Among the 22 PNEC patients, 14 had local disease and 8 had distant metastasis. Serum carcinoembryonic antigen (CEA), neuron-specific enolase (NSE), and pro-gastrin-releasing peptide (GRP) were elevated in 23% (5/22), 38% (5/13), and 29% (4/14) of patients, respectively. Surgery was performed in 15 patients (14 patients with localized disease and 1 patient in whom peritoneal dissemination was detected by cytologic diagnosis during surgery). Among the 14 patients with localized disease, 2 patients received adjuvant S-1 chemotherapy after curative surgery. Of those who underwent surgery, only 4 (27%) were diagnosed with neuroendocrine carcinoma or small cell carcinoma from biopsy specimens prior to surgery.
Eight of 14 patients relapsed at a median of 177 days (range 120-1459 days) after curative surgery. A total of 14 patients (7 with unresectable disease at diagnosis, 7 with recurrent disease after surgery) received chemotherapy, and 1 relapsed patient received best supportive care.
The median survival time in the 22 PNEC patients was 33 months (Fig. 1) , whereas in those with PNEC with distant metastasis the median survival time was 10.4 months. Twelve patients (5 with recurrent disease, 7 with unresectable disease) received chemotherapy with cisplatin plus irinotecan. The median number of treatment cycles was four. Six patients discontinued treatment because of disease progression, and 3 discontinued therapy because of adverse effects (neurotoxicity, febrile neutropenia, and diarrhea) at a median follow-up period of 29 months. The overall response rate was 75% (8/12) and 2 patients had stable disease. Rates of grade 3/4 neutropenia and diarrhea were 58% (7/12) and 17%, respectively, but there were no treatment-related deaths. The median progression-free survival (PFS) time was 212 days (95% confidence interval [CI] 121-302) and the median survival time was 679 days (95% CI 39-1319). No patient had brain metastasis during the time of observation.
Discussion
NETs arise from the widely distributed neuroendocrine cell system. Histologically, NET cells are argentophilic and express endocrine markers such as chromogranin or NSE. NETs of the stomach are classified into the following three categories; carcinoids, malignant carcinoids, and PNECs or small cell carcinomas, on the basis of clinical and pathological features [2, 9] . However, some confusion remains with regard to the histological classification.
Gastric carcinoids account for about 0.3% of all gastric tumors. Gastrointestinal small cell carcinomas account for about 0.1-1.0% of all gastrointestinal tumors, and gastric small cell carcinomas account for approximately 11% of gastrointestinal small cell carcinomas [4] . As for NETs of the stomach, Rindi et al. [10] reviewed the histology of 55 gastric endocrine tumors and reported 46 cases of welldifferentiated tumors and 9 of neuroendocrine carcinomas. They further investigated 205 gastric endocrine tumors and reported 193 cases of well-differentiated and 12 of poorly differentiated tumors [11] .
Well-differentiated NETs (carcinoids and malignant carcinoids) and PNECs have different biological behaviors. The 5-year survival rate of carcinoids without metastasis was reported to be 93-98% [1, 3] . In carcinoids with metastasis, the 5-year survival rate was reported to be 0-75%. The cumulative crude survival rate of PNEC was only 33.3% at 5 years after diagnosis. Carcinoid patients have better survival than patients with PNEC. In our study, the difference in survival between carcinoid and PNEC was similar to that in previous studies. Standard treatment of patients with localized gastric carcinoids involves endoscopic resection or surgical excision [9] . For functioning tumors (carcinoid syndrome) as well, surgery is the primary treatment option. For patients with metastasis, management is not well defined and thus they are treated using several strategies, including surgery, biotherapy, and chemotherapy. Rinke et al. [12] reported that a somatostatin analog retarded tumor progression in patients with functionally active and inactive metastatic midgut NETs. We had only patients with small and/or localized carcinoids; thus, resection or observation was performed and they showed a good prognosis.
There are no standard chemotherapy regimens for gastric PNEC. Surgery is performed to treat localized disease in patients with gastric PNEC. Matsui et al. [13] reported 17 patients with gastric small cell carcinoma who underwent surgery; 3 patients without metastasis survived for 6-20 months after the surgery and 14 patients with metastasis died 5-22 months after the surgery at the end of their observation. In a review of 54 patients with gastric small cell carcinoma [14] , 3 patients without distant metastasis survived for more than 2 years after gastrectomy with dissection of regional lymph nodes. In our study, although the relapse rate was high, there were 2 long-term survivors who showed no relapse for more than 3 years after surgery. Although the effectiveness of surgery is limited, it remains one of the most important modalities for treating gastric PNEC.
For patients with gastric adenocarcinoma, adjuvant S-1 chemotherapy is effective [15] , and chemoradiotherapy is effective for limited stages of SCLC [16] . Further studies that explore factors associated with relapse and assess the efficacy of adjuvant chemotherapy or chemoradiotherapy for gastric PNEC are needed. Prophylactic cranial irradiation is standard therapy in patients with limited SCLC, due to the high rate of brain metastasis [17] . In our study, no patients had brain recurrence; thus, it is unclear whether or not prophylactic cranial irradiation is effective for gastric PNEC.
There is no standard regimen for metastatic or recurrent gastric PNECs, which are typically treated according to the treatment guidelines for SCLC. The standard chemotherapy for SCLC is a combination regimen containing cisplatin. Noda et al. [8] reported that patients treated with cisplatin plus irinotecan had better outcomes than patients treated with cisplatin plus etoposide, with median survival times in the two groups of 12.8 and 9.4 months, respectively. On the other hand, there are few reports on chemotherapy for PNEC other than the chemotherapy used for SCLC. Moertel et al. [5] reported that a regimen containing cisplatin plus etoposide produced a good response rate (67%) in 18 patients with neuroendocrine carcinomas. Mitry et al. [6] obtained a response rate of 41.5% in 41 PNEC patients, with a PFS of 8.9 months and an overall survival of 15 months. These studies included only a few patients with gastric PNECs. A previous study showed good response of PNEC to combination chemotherapy with paclitaxel, carboplatin, and etoposide; however, the study included only 1 patient with gastric neuroendocrine carcinoma [7] . Kulke et al. [18] reported a very low response rate of 6.6% to cisplatin plus irinotecan for extrapulmonary NETs, although 78% (14/18) of their patients had welldifferentiated NETs.
In our study, treatment with cisplatin plus irinotecan was effective against gastric PNECs, with an overall response rate of 75% and a PFS of 212 days. We consider the toxicity of this regimen tolerable. Of note, gastric PNECs often have components of adenocarcinoma [13] , and cisplatin plus irinotecan has been shown to be effective against gastric adenocarcinoma [19] . Therefore, we consider this regimen suitable for gastric PNEC, although the present retrospective study has several limitations. We are now planning a prospective study of this cisplatin plus irinotecan regimen in PNEC patients.
